Na,K-ATPase reconstituted in liposomes: effects of lipid composition on hydrolytic activity and enzyme orientation.
In this paper, the reconstitution of Na,K-ATPase in liposomes (formed by single or mixed phospholipids and cholesterol) was investigated and the enzyme orientation was determined on kinetic basis using only specific inhibitors of ATP hydrolysis. A condition of foremost importance for enzyme reconstitution is the achievement of complete solubilization of the lipid in the initial stage of the cosolubilization process for the subsequent formation of the liposomes and/or proteoliposomes. PC-liposomes showed that increasing the fatty acid chain length increases the percentage of Na,K-ATPase incorporated. The average diameter of the proteoliposomes also increases in proportion, reaching a maximum with phospholipids with 16 carbon chains, resulting in 75.1% protein reconstitution and 319.4 nm diameter size, respectively. Binary lipid systems with PC and PE were efficient for incorporation of Na,K-ATPase, depending on the lipid:protein ratio used, varying from 15 to 80% recovery of total ATPase activity. The best results for Na,K-ATPase reconstitution using PC and PE mixture were obtained using a lipid:lipid ratio 1:1 (w/w) and lipid:protein 1:3 (w/w). Integrity studies using calcein release mediated by detergent or alamethicin, in association with inhibition of ATPase activity (ouabain and vanadate) showed that the enzyme is oriented inside-out in DPPC:DPPE proteoliposomes. In these vesicular systems, the enzyme is reconstituted with about 78.9% ATPase activity recovery and 89% protein incorporation, with an average diameter of 140 nm. Systems constituted by DPPC:DPPE, DPPC:DLOPE or DLOPC:DLOPE showed approximately 80, 71 and 70% of recovery of total ATPase activity, but no homogeneity in the distribution of Na,K-ATPase orientation. Reconstitution of Na,K-ATPase in DPPC:DPPE:cholesterol or DPPC:DLOPE:cholesterol systems (55% of cholesterol) showed recovery of about 86 and 82%, respectively, of its total ATPase activity. The results point to an important effect of the lipid acyl chain length and lipid-protein ratio in relation to the composition of the lipid matrix to finely tune the structural asymmetry and the amount of enzyme that can be incorporated a lipid bilayer vesicle while preserving membrane permeability.